WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) internatioaal Patent Classification ^ : 

GOIN 33/68, 33/58, 33/543, C12P 21/08, 
C07K 15/06, 15/28 



Al 



(11) Internarionai Publication Number: WO 94/27156 

(43) International Publication Date: 24 November 1994 (24.1 1.94) 



(21) International Application Numlier: 

(22) International Filing Date: 



PCT/US94/05468 
16 May 1994 (16.05.94) 



(30) Priority Data: 

08/063,168 



17 May 1993 (17.05.93) 



US 



(71) AppUcant: FORTRON BIOSCIENCE, INC. [US/US]; Suite 

775, 2500 Gateway Centre Boulevard, Morrisville, NC 
27560 (US). 

(72) Inventors: WICKS, Richard, W.; 110 Countryside Lane, Gary, 

NC 27511 (US). ZARTMAN, LesUe, C; 875 Treasure 
Lake, DuBois, PA 15801 (US). VARGAS, Annette, M.; 361 
Rothiemay Road, Ryegate, MT 59074 (US). TORRETTI, 
Stacy, A 

(74) Agents: DECONTI, GiuUo, A, Jr. et al.; Lahive & Cockficld, 
60 Slate Street, Boston, MA 02109 (US). 



(81) Designated States: AT, AU, BB, BG, BR, BY, CA CH, CN, 
CZ, DE, DK, ES. Fl GB, GE, HU, JP, KG. KP, KR, KZ, 
LK, LU, LV, MD, MG. MN, MW, NL. NO, NZ, PL, PT, 
RO, RU, SD, SE, SI, SK, TJ, TT. UA UZ, VN, European 
patent (AT, BE, CH, DE, DK, ES. FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE). OAPI patent (BF. BJ. CF. CG, CI CM, 
GA GN. ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the even! of the receipt of 
amendments. 



(54) Title: ASSAY FOR CARDIAC TROPONIN I 
(57) Abstract 

A method for detection of cardiac troponin I is described. The method is a sandwich assay employing an antibody specific for cardiac 
troponin I as one binding partner and troponin C as the other binding partner for cardiac troponin I. 



BEST AVAILABLE COPY 



BNSDOCID: 4WO_d42716M1_l^ 



FOR THE PURPOSES OF INFORMATION ONLY 



appUca.^ ^'^^^th': '"•'^ party U, U.e per on the fiont pages of p.n>phlets publishing i„.emadonal 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Buiidiu Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 




CF 


Ceotral A&icaii 


CG 


Congo 


ce 


Switzerland 


CI 


COce d'lvoire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


CZ 


Czecb Republic 


DE 


Germany 


DK 


Dctssark 


ES 


Spain 


n 


Finland 


FR 


Fraooe 


GA 


Gabon 



GB United Kingdom 

GE Georgia 

GN Guinea 

GR Greece 

HU Hungary 

IE Ireland 

IT Italy 

JP Japan 

K£ Kenya 

KG Kyrgystan 

KP Democratic People's Republic 
of Korea 

KR Republic of Korea 

KZ Kazakhstan 

LI Liechtenstein 

LK Sri Lanka 

LU Luxembourg 

LV Latvia 

MC Monaco 

MD Republic of Moldova 

MG Madagascar 

ML Mali 

MN Moogoiia 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


^fL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Polaixt 


PT 


Portugal 


RO 


Romania 


RU 


Russian Fedo^on 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


lYinidad and Tobago 


UA 


Ukraine 


US 


United States of Amorica 


uz 


Uzbekistan 


VN 


Viet Nam 



wo 94/27156 



PCT/US94/05468 



ASSAY FOR CARDTAr T ROPONIN I 

BACKGROUND OF THE INVENTION 

5 The determination of creatine kinase MB isoenzyme (EC 2.7.3.2) in serum is 

currently the most widely utilized in vitro test for confirming the diagnosis of myocardial 
infarctiori ("heart attack"). While this test generally provides satisfactory results, there are 
some disadvantages which limit the utility of this test. One disadvantage is the relatively 
short period (24-48 hours) the test remains positive following an infarction. In patients who 

10 arrive at the hospital more than 48 hours after the infarct, the CK-MB test will generally not 
be useftil in confirming the diagnosis of a heart attack. In addition to this, skeletal muscle 
tissue also contains small amounts of the CK-MB isoenzyme and therefore patients who 
suffer trauma to skeletal muscle tissue (e.g. in automobile accidents) will sometimes give 
false positive results and make the diagnosis of myocardial infarction more difficult. 

1 5 In order to circumvent these problems, various investigators have explored altemative 

serum markers for myocardial damage such as the muscle protein troponin I. Troponin I is 
one. of three subunits of the troponin complex located on the thin filament of the muscle 
contractile apparatus. This troponin complex plays a central role in controlling the process of 
muscle contraction, and therefore these three subunits are called regulatory proteins. The 

20 other two subunits (designated T and C) are also immobilized on the thin myofilaments along 
with troponin I in both cardiac and skeletal muscle tissue. Troponin I is encoded by different 
genes in cardiac, slow skeletal, and fast skeletal muscle tissues. Approximately 60% of the 
amino acid sequence in hiraians is homologous between these three forms of troponin I. The 
dissimiliar regions of the cardiac form make it possible to develop antibodies which will not 

25- cross react with the two skeletal forms, thus making a truly cardiac specific test possible. 

Cummins, et al. figS?"! American Heart Journal 1 13 :1333-1344 described the 
development of a radioimmunoassay for the measurement of cardiac troponin I in human 
serum. This assay utilized polyclonal antibodies having significant cross reactivity with the 
skeletal forms of troponin I, which limited its value in confirming the diagnosis of 

30 myocardial infarction. In addition, the test was not sufficiently sensitive to detect low levels 
of troponin I in serum. 

Bodar, et aL (1992) Clinical Chemistry 18:2203-2214 described the development of a 
dual monoclonal antibody "sandwich" assay for troponin I in serum. While this assay 
showed improved cardiac specificity due to the use of mouse monoclonal antibodies, it ^ 

35 required the use of two different monoclonal antibodies. In addition, the imprecision of the 
assay was unacceptably high (11-21% coefficients of variation) for a laboratory test. 



BNfiOOCID: <WO_M2716aA1JL> 



wo 94/27156 



PCT/US94/05468 



-2- 

SUMM ARV OF THE TNVFNTT <^N? 

The present invention relates to a process and diagnostic test system for quantitatively 
determining the concentration of cardiac troponin I subunit in a biological fluid. In 
accordance with this invention, it has surprisingly been discovered that it is possible to 
perform a so-called "sandwich" immunoassay, in which one immunological binding partner 
is a monoclonal or polyclonal antibody specific for the cardiac form of troponin I, and the 
other binding partner is the C subunit of the troponin complex. This process and test system 
provides for a rapid and specific measurement of troponin I in a biological fluid and is highly 
suitable for confirming the diagnosis of myocardial damage. 

In general, the method of this invention comprises incubating sequentially or 
simultaneously a sample of the biological fluid to be tested, an antibody or antibody fragment 
specific for cardiac troponin I and troponin C or a troponin I-binding fragment thereof, under 
conditions which allow the formation of a ternary complex of troponin I in the sample, the 
antibody and the troponin C. The complex is separated fi-om the sample and then detecting 
its formation as indicative of the amount of cardiac troponin I in the biological fluid. 

DETAILED DESCRTPTIO N OF TWF Tiwy^ ioxr 

According to the process of the present invention, the concentration of troponin I can 
be quantitated in biological fluids by a sandwich immunoassay utilizing a cardiac specific 
antibody in combination with troponin C subunit. For this invention, it is possible to use 
biological fluids such as whole blood, serum, plasma, lymphatic fluid, urine, sweat, bile, 
amniotic fluid, cerebrospinal fluid, sputum, and the like. Fluid extracts of tissues such L 
heart, skeletal muscle, kidney, brain, liver, and the like can also be utilized by the process of 
the present invemion. The preferred biological fluids for this invention however are serum or 
plasma. 

Specifically, this invention relates to an immunoassay test system wherein two 
binding partners are used, each of which is capable of binding to the U-oponin I antigen, and 
one binding partner is a monoclonal or polyclonal antibody (or mixtures thereof) specific for 
the cardiac form of troponm I; and the second binding partner is the C subunit of the troponin 
complex. 

In a preferred embodiment of the present invention, one of the two binding partners is 
immobilized on a solid phase surface, and the second binding partner is labelled or tagged 
with a signal generating marker. It is essential according to the present invention that the 
monoclonal or polyclonal antibody (or mixtures thereof) be specific for the cardiac fonn of 
troponin I, having no significant reaction with the skeletal forms of troponin I. This is due to 
the fact that the C subunit of troponin has substantial reactivity towards both cardiac and 
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skeletal forms of troponin 1. Using antibodies which show significant reactivity v.ith the 
skeletal form of troponin I would therefore cause false positive reactions in patients with 
damage to skeletal tissue. 

In one preferred embodiment of the present invention, monoclonal or polyclonal 
5 antibodies (or mixtures thereof) are immobilized on a suitable solid phase surface by various 
methods known to those in the art. The solid phase surface of the present invention is not 
limited to any one particular form. The solid surface can be selected from a variety of those 
known in the art including plastic tubes, beads, microtiter.plates, latex particles, magnetic 
particles, cellulose beads, agarose beads, paper, dipsticks, and the like. The methods for 

10 immobilizing the antibodies or troponin C are not narrowly critical, and could include passive 
absorption, covalent linkage, physical trapping, and the like. 

The binding partner utilized as the solid phase in the present invention can be directly 
affixed to the solid phase surface, or can be immobilized during the immunoassay incubation 
(in situ) by means known to those in the art. For example, the solid phase surface can be 

1 5 coated with avidin or streptavidin and the first binding partner labelled with biotin. The first 
binding partner can then be added in liquid phase to the biological fluid containing troponin I 
and labelled second binding partner. Alternatively, antibodies to goat or mouse IgG can be 
immobilized on the solid phase surface, and the goat or mouse monoclonal antibodies can 
then be added to the incubation vessel in liquid phase. 

20 Likewise, in this one preferred embodiment of the present invention, the second 

binding partner (troponin C subunit) can be labelled or tagged with a variety of signal 
generating markers. These could include (but are not limited to) radioisotopic labels, 
enzymes, chemiluminescent compoimds, fluorescent labels, dyes, enzyme cofactors, biotin, 
and the like. The chemical linkage of the second binding partner to a signal generating 

25 marker can be accomplished by a variety of methods known to those in the art. 

In a second preferred embodiment of the present invention, the troponin C subunit is 
immobilized on the solid phase surface and monoclonal or polyclonal antibodies (or mixtures 
thereof) are labelled or tagged with the signal generating marker. 

The sequence of contacting the solid phase first binding partner and the labelled or 

30 tagged second binding partner with the specimen containing troponin I is not narrowly 

critical. In one preferred embodiment, the biological fluid containing troponin I is contacted 
simultaneously with solid phase first binding partner and the labelled or tagged second 
binding partner. This format is a so-called "simultaneous" assay and is well known to those 
in the art. After a suitable incubation period during which both binding partners react \vith 

35 the troponin I in the biological ,fluid to form a sandwich, the solid phase surface is washed to 
remove any reagents not bound to the solid phase surface, and the signal generating marker is 
measured by means known to those in the art. 
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In another embodiment of the present invention, the biological fluid containing 
troponin I is first contacted with the solid phase first binding partner. After a suitable 
incubation period during which the troponin I in the biological fluid binds to the solid phase 
first binding partner, the solid phase surface is washed to remove any excess troponin I and 
5 other proteins. The solid phase first binding partner is then contacted with the tagged or 

labelled second binding partner to complete the ternary complex or "sandwich", and a second 
incubation period follows during which labelled or tagged second binding partner binds to 
troponin I which has already been bound by solid phase first binding partner. After this 
second incubation period, the solid phase surface is washed to remove any excess unbound 
1 0 labelled second binding partner, and the signal generating marker is measured. This is a so- 
called "forward" type sandwich immunoassay. 

Another embodiment of the present invention is a so-called "reverse" type 
immunoassay where the liquid phase labelled binding partner is incubated first with 
biological fluid containing troponin I antigen, then contacted with solid phase binding 
1 5 partner. After this second incubation, the solid phase is washed to remove any excess 
unbound reagents or proteins, and the signal generating marker is measured. 

In another embodiment of the invention, a second antibody can be used to detect 
formation of the "sandwich". For example, a labelled antibody specific for troponin C may 
be used to detect the complex. 
20 In accordance with this invention, one of the two binding partners is monoclonal or 

polyclonal antibodies specific for cardiac troponin I. These polyclonal antibodies can be 
generated in the conventional manner by injecting purified cardiac troponin I into an animal 
and bleeding the animal to obtain serum containing the antibody. Any of the usual means for 
purifying cardiac troponin I known in the art can be used to obtain the antibodies used in this 
25 invention. The polyclonal antibodies can be generated in any animal species including goats, 
rabbits, sheep, donkey, horse, swine, cattle, dog, monkey, and the like. In one preferred 
aspect of the invention the antibodies are produced in goats. 

In accordance with this invention, the antibody or antibodies used as one of the 
binding partners must be substantially specific for the cardiac form of troponin I and have 
30 little or no reactivity with skeletal forms of troponin I. 

In one preferred method of producing cardiac specific antibodies fi-om goats, it has 
also been surprisingly discovered that polyclonal antibodies can be generated which show 
extremely low cross-reactivity with the skeletal forms of troponin I. Purified troponin I is 
injected into goats and the serum is collected fi-om the animals by conventional means., A 
35 synthetic peptide corresponding to a region in the cardiac troponin I molecule which is 
substantially different fi-om the skeletal troponin I molecules is synthesized by methods 
known to those in the art. The peptide is at least 5 amino acids, preferably at least 7 amino 
acids. The peptide should be at least 75%, preferably at least 90% homologous to such a 
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region of cardiac troponin I. The peptide should differ in sequence from the corresponding 
region of skeletal troponin I in at least 50% of its amino acids. One such region of cardiac 
troponin I is the region having the sequence which is completely missing from the skeletal 
form: 

5 

MET-ALA-ASP-GLY-SER-SER-ASP-ALA-ALA-ARG-GLU-PRO-ARG-PRO- 
ALA-PRO-ALA-PRO-ILE-ARG-ARG-ARG-SER-SER-ASN-TYR-ARG-ALA-TYR-ALA- 
THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SER 

10 A preferred segment of the above region is the peptide of the following sequence: 

ARG-ALA-TYR-ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SER and 

Another region which is substantially different is: 

15 

ARG-GLY-GLU-LYS-GLY-ARG-ALA-LEU-SER-THR-ARG-CYS-GLN-PRO- 
LEU-GLU-LEU-ALA 

The key criteria for selecting these peptides are the differences between the cardiac form of 
20 troponin I and the corresponding region of the skeletal forms of troponin I, and also the 

ability of these synthetic peptides to remove significant amounts of antibody from the goat 
anti-troponin I serum. This synthetic peptide is immobilized onto agarose beads by 
conventional means. The serum from the animal is contacted with the immobilized synthetic 
peptide to form a bond between antibodies specific for this particular peptide and the agarose 
25 beads. After a suitable contact period the beads are washed with buffer solutions and the 
purified cardiac specific troponin I antibodies are eluted from the beads by conventional 
means. 

In a second preferred method of producing cardiac specific antibodies from goats, 
purified troponin I is injected into goats and the serum is collected from the animals by 

30 conventional means. Purified cardiac troponin I is chemically inmiobilized on agarose beads 
by conventional means. The serum from the animal is contacted with the immobilized 
troponin I to form a bond between the antibodies and the troponin I. After a suitable contact 
period, the beads are washed with buffer solutions and the purified antibodies are eluted from 
the beads by conventional means. The purified antibodies are then absorbed as follow^ to 

35 remove any antibodies which react with the skeletal forms of troponin I. Skeletal muscle 
troponin I is purified by conventional means and chemically immobilized on agarose beads. 
The purified antibodies are contacted with the resulting skeletal troponin I beads to remove 
essentially all those antibodies which cross react with the skeletal forms of troponin L 
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In a third preferred embodiment of the present invention, cardiac specific mouse 
monoclonal antibodies to troponin I are produced by applying the well known cell fusion 
method of Kohler and Milstein fl976) European Journal of Immunolog y 6:5 11 -5 19 to 
produce hybridomas secreting the desired antibodies. This method uses antibody producing 
cells from a host animal such as a mouse which has been injected with cardiac troponin I as 
one of two cell populations which are fused together to form an antibody secreting 
"hybridoma". The second cell population which is used usually consists of a cancer or 
myeloma cell line which will provide the ability to grow these hybridomas by tissue culture 
methods. The two populations of cells are fused by methods knovm to those in the art such 
as with polyethylene glycol, and the antibody producing cells are propagated by standard 
tissue culture methods. After obtaining a homogenous population of cells which is usually 
done by subcloning by the limited dilution technique, the antibody producing hybridomas are 
grown in vitro or in vivo by standard techniques. 

The monoclonal antibodies produced in this manner can be utilized as non^purified 
material, however for optimal results the monoclonal antibodies are purified to a high degree 
of purity (e.g. greater than 95%) by methods known to those in the art. These methods can 
include salt precipitation, ion exchange chromatography, or affinity chromatography with 
immobilized protein A or immobilized protein G. 

The cardiac specific antibodies used in the present invention (either polyclonal or 
mouse monoclonal) can be utilized as intact IgG molecules or as fragments of the molecule 
containing the antigen binding site. Such fragments can include Fab, Fab*, or F(ab)'2 
fragments prepared by digestion with enzymes such as papain, trypsin, or pepsin by means 
known to those in the art. 

The troponin C subunit which is utilized as one of the two binding partners in the 
present invention can be obtained from various tissue sources and from various animal 
species. Skeletal muscle or cardiac tissue are two preferred sources for the troponin C 
subunit due to the relatively high concentrations of troponin C in these tissues. The tissue 
may be selected from any animal species, especially vertebrates, such as rabbits, goats, sheep, 
donkey, humans, horse, swine, cattle, dog, monkey, and the like. In one preferred 
embodiment of the present invention, the troponin C is isolated from rabbit skeletal muscle. 

The troponin C can be isolated by conventional means reported in the literature e.g.. 
Potter, et aL ( 1 982) Methods in Enzymolog y M:24 1 -263 . The isolation typically employs 
such well recognized techniques such as extraction, isoelectric precipitation, and ion 
exchange chromatography. Purification of the troponin C to a state of high purity (e.g. 
greater than 95%) is desired to obtain optimal results according to the present invention. 

The troponin C can also be biosynthesized by conventional genetic engineering 
techniques either as the entire molecule or various fragments of the molecule. Alternatively 
the troponin C can be synthesized chemically by techniques of organic protein synthesis. 
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Peptides corresponding to fragments of the troponin C molecule can also be utilized 
according to the present invention. 

The incubation times and temperatures of the immunoassay of the present invention 
are not narrowly critical. Incubation times can range from 1 minute to 48 hours, but 
5 preferably these are carried out from 5 to 120 minutes. Likewise, the incubation temperatures 
can be carried out at temperatures from 4 degrees C to 56 degrees C. Preferred incubation 
temperatures are from 20 to 37 degrees C. 

Reagents for performing the assays of this invention can be assembled in kits. Such 
kits would include, in separate containers, antibody specific for cardiac troponin I and 
1 0 troponin C. The antibody or troponin C can be immobilized on a solid phase. The antibody 
or troponin C may be labeled. If an enzyme label is used, the kit could include the enzyme 
substrate. For assays employing a second antibody to label the complex, the kit would 
include a second antibody specific for either the anti -troponin antibody or the troponin C. 
The kits can also contain appropriate standards, positive and negative controls and 
1 5 instructions for performing the assay. 

The following examples further illustrate the present invention but are not intended to 
restrict the invention in scope or in spirit. 



EXAMPLE 1 

20 

TROPONIN C PURIFICATION 

L PREPARATION OF MYOFIBRILLAR FRACTION 

25 3 New Zealand type rabbits are sacrificed and the hind leg and back muscles removed. 

Excess fat is trimmed from the tissues which is then cut into 1 cm. pieces. The resulting 
tissue (approximately 1785 grams) is homogenized in 6 portions with a total of 4200 ml of 20 
mM Tris buffer, pH 8.0 containing 50 mM potassium chloride, 2 mM ethylenediamine 
tetraacetic acid, 15 mM mercaptoethanol, 0.1% Triton X-100, and 30 ug/ml phenyl methyl 

30 sulfonyl fluoride (wash buffer). The resulting homogenate is centrifiiged for twenty minutes 
at 7000 X g at 4 degrees C and the resulting supernatant liquid is discarded. The resulting 
pellet is re-homogenized with 4200 ml of wash buffer and again centrifiiged to obtain the 
pellet. A total of eight washes are performed in this manner. The final pellet is homogenized 
with 9000 ml of 25 mM Tris buffer pH 8.0 containing 1 M sodium chloride, 0.1 mM Qalcium 

35 chloride, 1 mM mercaptoethanol (extraction buffer) and allowed to stir overnight at 4 degrees 
C. The resulting extract is centrifiiged for one hour at 7000 x g at 4 degrees C to produce a 
supernatant liquid (myofibrillar fraction). 
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IL ISOELECTRIC PRECIPTTATTON 

The myofibrillar fi-action from step I is allowed to stir rapidly, and the pH of the 
solution is adjusted to 4.6 with 1 N hydrochloric acid. After stirring for ten minutes, the 
5 resulting suspension is centrifliged for twenty minutes at 7000 x g at 4 degrees C. The 

resulting pellet is discarded and the supernatant liquid is adjusted to pH 8.0 with I N sodium 
hydroxide with rapid stirring. Solid ammonium sulfate is then added to the solution to a final 
concentration of 60% saturation, and allowed to stir overnight at 4 degrees C to precipitate 
the troponin proteins. 

10 

III. PEAE SEPHAROSE PURIFICATION 

The suspension from step II is centrifliged for twenty minutes at 7000 x g at 4 degrees 
C and the resulting pellet is dissolved in approximately 100 ml of 50 mM Tris buffer pH 8.0 

15 containing 6 M urea, 1 mM ethylenediamine tetraacetic acid, and 1 mM mercaptoethanol 
(DEAE buffer). The dissolved proteins are transferred to a dialysis bag and dialyzed to a 
final dilution of at least 1 : 1 million against the DEAE buffer. A 16 x 5 cm column of DEAE 
Sepharose CL-6B (Pharmacia Biotech Inc., Piscataway, NJ) is equilibrated with DEAE 
buffer. The dialyzed sample is applied to the column at a flow rate of 80 ml/hour and the 

20 colvmm is washed with approximately 450 ml of DEAE buffer collecting 12 ml fractions. 
The flow rate is increased to 150 ml/hour and the troponin C is eluted with a gradient of 1 
liter DEAJE buffer and 1 liter DEAE buffer containing also 0.5 M potassium chloride. 
Fractions containing troponin C are pooled and concentrated down to approximately 1 4 ml 
under nitrogen pressure using Millipore regenerated cellulose 10,000 cutoff membranes. The 

25 concentrated troponin C is transferred to a dialysis bag and dialyzed to a final dilution of 

I/IOI2 against 10 mM potassium phosphate, 1 M potassium chloride, pH 6.5 at 4 degrees C. 



EXAMPLE 2 

30 

PURIFICATION OF TROPONI N I 

I. TROPONIN C COUPLING TO GEL 

35 In order to produce goat anti troponin I antibodies, csirdiac troponin I was first 

isolated by the following method of Syska si aL (1974) FEBS Letters 4Q:253-257, Troponin 
C (approximately 500 mg) isolated by the procedure of Example 1 is coupled to Actigel - 
ALD gel (Sterogene Corporation, Arcadia, CA) by washing 50 ml of the gel first with 10 mM 
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potassium phosphate, 1 M potassium chloride, pH 6.5 (coupling buffer). Troponin C is 
added to the gel and sodium cyanoborohydride is added to a final concentration of 0.1 M. 
The resulting suspension is allowed to stir for four hours at ambient temperature and poured 
into a column to collect the gel. The gel is then washed with 225 ml of coupling buffer. The 
5 gel is removed from the column and is added to 1 50 ml of 10 mM potassium phosphate, 1 M 
potassium chloride pH 6.5 containing 0.1 M ethanolamine. Sodium cyanoborohydride is 
added to the suspension to a final concentration of 0.1 M. The suspension is allowed to stir 
overnight at 4 degrees G to block any unreacted coupling groups. The gel is then placed back 
in a column and washed with 150 ml of coupling buffer, and finally with 100 ml of 10 mM 
10 sodium phosphate pH 7.2 containing 0.15 M sodium chloride and 0.05% sodium azide. 

11. TROPONIN I PURIFICATION 

One human heart obtained post-mortem is trimmed of excess fat and valves and cut 

15 into 1 cm. pieces at 4 degrees C. The resulting tissue (approximately 352 grams) is 

homogenized in one portion with 750 ml of 75 mM Tris buffer, pH 8.0 containing 8 M urea, 
15 mM mercaptoethanol £md 1 mM calcium chloride (extraction buffer) at ambient 
temperature. The resulting homogenate is centrifuged for 30 minutes at 7000 x g and the 
resulting supernatant liquid is filtered through cheesecloth to remove particles (heart extract). 

20 The troponin C coupled gel prepared in step I is placed in a column and washed with 250 ml 
of extraction buffer at ambient temperature. The gel is removed fi:om the column and added 
to the filtered heart extract. The resulting suspension is allowed to stir for 80 minutes at 
ambient temperature and then centrifiiged 20 minutes at 7000 x g. The supernatant liquid is 
discarded and the pelleted gel is transferred to a column with extraction buffer. The column 

25 is washed at ambient temperature with a total of 700 ml of extraction buffer and the purified 
troponin I is then eluted from the column with 75 mM Tris buffer, pH 8.0 containing 8 M 
urea, 15 mM mercaptoethanol, and 10 mM ethylenediamine tetraacetic acid (elution buffer). 
Fractions of 12 ml are collected and ail firactions containing significant amounts of troponin I 
are pooled together. Sufficient 75 mM Tris buffer, pH 8.0 containing 10 mM 

30 ethylenediamine tetraacetic acid and 15 mM mercaptoethanol is added to the pooled troponin 
I to bring the concentration of urea fi-om 8 M to 6 M. The resulting solution is concentrated 
under nitrogen pressure using Millipore 1 0,000 cutoff regenerated cellulose membranes to a 
final volume of 14.2 ml. The final protein concentration is measured using the Bradford 
protein assay method and bovine albumin standards. ^ 

35 , , . . . . 



BN800CID: <WO_M2715«A1JL;^ 



wo 94/27156 PCT/US94/05468 

-10- 
EXAMPLE 3 

PREPARATION OF PURIFIED GOAT ANTT-TROPONTN I ANTIBODIES 
5 I. PREPARATION OF GOA T ANTI-TROPONIN I ANTISERUM 

The purified troponin I obtained from the procedure of Example 2 is mixed with an 
equal volume of complete Freunds adjuvant (a mineral oil suspension containing inactivated 
M-tuberculosis bacilli). The resulting mixture is homogenized to produce an aqueous/oil 

10 emulsion which constitutes the initial immunogen. Goats are immunized initially with an 
injection of immunogen containing 250 ug of cardiac troponin I prepared as in Example 2. 
The goats are injected monthly thereafter v^th 250 ug - 500 ug of purified cardiac troponin I 
as inmiunogen prepared in the same manner except without the inactivated M-Tuberculosis 
bacilli (incomplete Freunds adjuvant). The goats are bled monthly approximately 7-10 days 

1 5 after injection to provide goat anti-troponin I serum. 

n. PREPARATION OF SYNTHETIC TROPONIN I PEPTIDE AGAROSE 
BEADS 

20 A synthetic peptide of the following formula is prepared according to solid phase 

methods of peptide synthesis known to those in the art: 

ARG-ALA-TYR-ALA-THR-GLU-PRO-HIS-ALA-LYS.LYS-LYS-SER-CYS 

25 Briefly, the peptide was synthesized on an Applied Biosystems Model 43 1 automated peptide 
synthesizer employing Fmoc (9-fluorenylmethoxycarbonyl) as the alpha-amino protecting 
group. All amino acids and solvents were purchased from Applied Biosystems and were 
synthesis grade. Following synthesis, the peptide was cleaved from the resin and side chains 
were deblocked using a cleavage cocktail containing 6.67% phenol, 4.4% (v/v) thioanisole 

30 and 8.8% ethanedithiol in trifluoroacetic acid. The cleaved peptide was precipitated and 
washed several times in cold diethyl ether. It was then dissolved in water and lyophilized. 
The crude peptide was subjected to amino acid analysis (Waters Pico-Tag/;^ System) and 
reversed-phase HPLC using a Vydac C8 column vnth 0.1% TFA in water and 99.9% 
acetonitrile in 0.1% TFA as the mobile buffers. The presence of a single major peak ajong 

35 with the appropriate amino acid composition was taken as evidence that the peptide was 
suitable for further use. 
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TABLEI 

AMINO ACID COMPOSITION OF TROPONTN I PEPTIDE 

5 AMINO ACID MOLE % THIS = 1 .0^ 



ASP + ASN 


0.013 


GLU + GLN 


0.95 


SER 


0.58 


GLY 


0.012 


HIS 


1.00 


ARG 


1.02 


THR 


1.00 


ALA 


2.98 


PRO 


1.02 


TYR 


0.98 


VAL 


0.008 


MET 


0.24 


CYS2 


0.14 


ILE 


0.009 


LEU 


0.03 


PHE 


0.006 


LYS 


3.13 



The resulting peptide is coupled to 6% cross linked agarose beads (Sulfolink gel, 
10 Pierce Chemical Company, Rockford, IL) by dissolving 10 mg of peptide by weight in 20 ml 
of 50 mM Tris pH 8.5 containing 5 mM ethylenediamine tetraacetic acid (EDTA). 10 ml of 
Sulfolink gel is washed in a column with 120 ml of 50 mM Tris buffer pH 8.5 containing 5 
mM EDTA (coupling buffer). The resulting washed gel is added to the solution of troponin I 
peptide and allowed to stir for 4 hours at ambient temperature and 16 hours at 4 degrees C. 
15 The resulting suspension is poured into a column and washed with 30 ml of coupling buffer. 
The gel is removed from the column and added to 20 ml of coupling buffer containing in 
addition, 50 mM mercaptoethanol to block any remaining reactive groups. This suspension is 
allowed to stir for 60 minutes at ambient-temperature and then washed with 40 ml of 1 M 
sodium chloride solution and 40 ml of 5 mM imidazole pH 7.2 containing 0.15 M sodium 
20 chloride and 0.05% sodium azide. 
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III. ISOLATION OF CARDIAC SPECTFTC TROPONIN I A NTIBODIES 

Antiserum prepared in step I is collected and 56 ml is diluted with 56 mi of 5 mM 
imidazole buffer pH 7.2 containing 0.15 M sodium chloride. Phenylmethyl sulfonyl fluoride 
5 (PMSF), leupeptin, aprotinin, and pepstatin A are added to final concentrations of 15 ug/ml, 
0.5 ug/ml, 0.5 ug/ml and 0.75 ug/ml respectively in order to inhibit proteases in the 
antiserum. The synthetic peptide gel prepared in step II is added to the diluted antiserum and 
allowed to stir for 1 hour at ambient temperature. The resulting mixture is transferred to a 
column and washed with 55 ml of 5 mM imidazole pH 7.2 containing 1 M sodium chloride 

10 and 0.05% sodium azide at ambient temperature. The purified cardiac specific antibodies are 
eluted fi-om the gel with 55 ml of first elution buffer (Immunopure Gentle AG/AB Elution 
Buffer, Pierce Chemical Company, Rockford, IL) followed by 55 ml of second elution buffer 
(5 mM imidazole pH 7.0 containing 3 M sodium thiocyanate and 0,05% sodium azide). The 
purified antibodies contained in both these eluates are dialyzed to a final dilution of 10^ 

15 against 5 mM imidazole pH 7.2 containing 0.15 M sodium chloride, concentrated under 
nitrogen pressure to approximately 25 ml and then dialyzed to a final dilution of 10^ in 10 
mM sodium phosphate pH 7.2 containing 0.15 M sodium chloride and 0.05% sodiimi azide. 
The resulting dialyzate is then centrifiiged for 15 minutes at 7000 x g to remove insoluble 
material. The protein concentration of the resulting supernatant liquid containing purified 
20 cardiac- specific troponin I antibodies is determined spectrophotometrically at 280 mm using 
an extinction coefficient of E,l% =13.0. 



25 



EXAMPLE 4 

PREPARA TION OF TROPONIN C ■ ALKALTNK PHOSPHATASE 



I. Troponin C prepared by the method of Example 1 is chemically linked to alkaline 
phosphatase by the following procedure. Troponin C (3 mg) in a volume of 107 ul is treated 

30 with 25 ul of SATA (N-succinimidyl S-Acetylthioacetate, Pierce Chemical Company, 

Rockford, IL) solution prepared at a concentration of 7 mg/ml in dimethyl sulfoxide. After 
allowing the reaction solution to stir for 30 minutes at room temperature, the solution is 
dialyzed overnight against 2 liters of 50 mM sodium phosphate pH 7.5 containing 2 mM 
EDTA at 4 degrees C. The SATA modified troponin C is deacetylated by adding 

35 hydroxylamine to a final concentration of 50 mM and allowing the solution to stand at 
ambient temperature for two hours. The modified troponin C is then dialyzed overnight 
against 2 liters of 30 mM triethanolamine pH 7.2 containing 2 mM EDTA. Six mg of 
alkaline phosphatase (AP) from calf intestine (Biozyme Corporation, San Diego, CA) in a 
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volume of 1 .55 ml is placed in a glass test tube. A fresh solution of sulfo-SMCC 
(sulfosuccinimidyl 4-[N-maIeimidomethyl] cyclohexane-l-carboxylate. Pierce Chemical 
Company, Rockford, IL) is prepared at a concentration of 5 mg/ml in deionized water. A 
total of 87 ul of the SMCC solution is added to the AP and allowed to stir for one hour at 
5 ambient temperature. The modified AP solution is then dialyzed overnight against 2 liters of 
30 mM triethanolamine pH 7.2 containing 5 mM magnesium chloride and 1 mM zinc 
chloride at 4 degrees C. A total of 1 .35 mg of the SATA modified troponin C is mixed with 
4 mg of SMCC modified AP and allowed to stir for 24 hours at 4 degrees C. 
Mercaptoethylamine and iodoacetamide are added to the solution to a final concentration of 
10 10 mM and allowed to stir for 20 minutes at ambient temperature. The resulting AP 
conjugated troponin C is then passed over a 1.5 x 90 cm colunrn of Sephacryl S-300 
(Pharmacia Biotech Inc., Piscataway, NJ) to purify the AP troponin C conjugate from 
unreacted products. 

15 

EXAMPLES 

PURIFICATION OF ]HUMAN SKELETAL TRQPQNIN I 

20 I. PREPARATION OF MYOFIBRILLAR FRACTION 

Human skeletal muscle tissue (pectoral muscle) is thawed at 4 degrees C and trimmed 
of fatty material. A total of 83.6 grams of tissue is cut into 1 cm pieces and homogenized in 
750 ml of 20 mM Tris pH 8.0 containing 50 mM potassium chloride, 2 mM EDTA, 1% 

25 Triton X-100 detergent, 15 mM mercaptoethanol, and 30 ug/ml PMSF (wash buffer 1) for 60 
seconds. The resulting homogenate is centrifuged 25 minutes at 7000 x g and the supernatant 
liquid is discarded. The resulting pellet is re-homogenized with 750 ml of wash buffer 1 and 
again centrifuged to obtain the pellet. A total of seven washes are performed in this manner. 
The pellet is then washed three times with wash buffer 2 (20 mM Tris pH 8.0 containing 50 

30 mM potassium chloride, 2 mM EDTA, 15 mM mercaptoethanol and 30 ug/ml PMSF in the 
same manner. The resulting pellet is homogenized in 750 ml of 35 mM Tris pH 7.7 
containing 0.6 M potassium iodide, 0.1 M sodium chloride, 5 mM magnesium chloride, 1 
mM EDTA, 5 mM adenosine triphosphate (ATP), 5 mM mercaptoethanol, 30 ug/ml PMSF, 
L3 ug/ml leupeptin, and 1.3 ug/ml pepstatin A. The resulting suspension is allowed tq stir 

35 for 1 5 minutes at 4 degrees C and then<:entrifuged for 30 minutes at 7000 x g. The resulting 
supernatant liquid is dialyzed to a final dilution of 1/200 against 35 mM Tris pH 7.7 
containing 50 mM sodium chloride, 1 mM magnesium chloride, 0.1 mM EDTA, 30 ug/ml 
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PMSF, 1 mM ATP, and 2 mM mercaptoethanol. The resulting solution is centrifuged for 30 
minutes at 7000 x g and the supernatant liquid retained. 

11. DEAE SEPHAROSE CHROMATOGRAPHY 

Solid ammonium sulfate is added to the supernatant liquid from step I to a final 
concentration of 80% saturation. After allowing the suspension to stir for 2 1/2 hours at 4 
degrees C, the suspenision is centrifuged for 30 minutes at 7000 x g. The supernatant liquid is 
discarded and the pellet dissolved in 200 ml of 50 mM Tris pH 8.0 containing 9 M urea, 0.5 
mM EDTA, 15 mM mercaptoethanol, and 30 ug/ml PMSF. The resulting solution is 
dialyzed to a final dilution of 10^ against 50 mM Tris pH 8.0 containing 6 M lirea, 0.5 mM 
EDTA, 15 mM mercaptoethanol and 30 ug/ml PMSF at 4 degrees C (DEAE buffer). The 
resultant solution is applied to a 13 x 4.8 cm column of DEAE - Sepharose CL-6B column 
equilibrated with DEAE buffer at ambient temperature at a flow rate of 90 ml/hour. Fractions 
of 1 0 ml are collected and the effluent fractions containing troponin I are pooled together. 
The resulting pool is concentrated under nitrogen pressure with Millipore regenerated 
cellulose membranes to a final volume of 5 ml. 

HI. GEL FILTRATION CHROMATOGRAPHY 

The concentrated troponin I sample from step 11 is applied to a 2.5 x 90 cm. column of 
Sephacryl S-300 gel equilibrated at 4 degrees with DEAE buffer at a flow rate of 30 ml/hour. 
Fractions containing purified skeletal troponin I are pooled together and dialyzed to a final 
dilution of 1/100 in 10 mM Tris pH 8.0 containing 1 mM EDTA and 6 M urea. The final 
protein concentration is determined by the method of Bradford using bovine albumin 
standards. 

EXAMPLE 6 
IMMUNOCHEMICAL ASSAY FOR TROPONIN I 

1. SIMULTANEOUS SANDWICH TROPONIN I IMMUNOASSAY 

k 

Purified troponin I antibodies prepared according to Example 3 are diluted to 10 
ug/ml in 100 mM sodium citrate pH 4.0 containing 0.05% sodiimi azide. The antibodies are 
coated overnight at ambient temperature in a volume of 100 ul to polystyrene microtiter 
plates (Dynatech Corp., Chantilly, VA). The microliter plates are washed three times with 10 
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mM Tris buffer pH 7.2 containing 1 M sodium chloride and blocked with a solution 
containing 10 mM Tris pH 7.2, 10% gluconic acid^ 1% bovine serum albumin and 0.05% 
Proclin-300 (Rohm and Haas, Philadelphia, PA) for one hour at ambient temperature. Excess 
liquid is aspirated from the microtiter plate wells and the plates are allowed to dry at ambient 
5 temperature. The antibody coated plates are then stored at 4 degrees imtil use. FHirified 
cardiac troponin I prepared as in Example 2 is diluted in troponin I - free normal human 
serum to final concentrations of 5, 25 and 50 ng/ml to provide standards for the 
immunoassay. Troponin C labelled alkaline phosphatase. prepared as in Example 4 is diluted 
to 5 ug/ml concentration in 50 mM triethanolamine pH 7.4 containing 20% heat inactivated 

10 goat serum, 1 mM magnesium chloride, 0.1 mM zinc chloride and 0.05% sodium azide. 

Serum samples or troponin I standards (20 ul) are added in duplicate to the antibody 
coated microtiter plate wells prepared previously. Troponin C labelled AP (80 ul) is then 
added to the wells and incubated two hours at ambient temperature. The microtiter plate 
wells are then washed five times with deionized water and a substrate solution (100 ul) of 

15 0.83 mg/ml para-nitrophenyl phosphate in 25 mM diethanolamine pH 9.80 containing 5 mM 
magnesium chloride, 0.1 mM zinc chloride, 0.02% Tween 20, and 0.05% Proclin 300 is then 
added to all the wells. The substrate solution is allowed to incubate 30 minutes at ambient 
temperature and the reaction is stopped by the addition of 100 ul of 2 N sodium hydroxide. 
Absorbance of the solutions in the microtiter plates are then read at 405 nm with a suitable 

20 reader. A typical standard curve is shown in table II. 

TABLE n 

25 

TROPONEV I CONCENTRATION 
fng/mn MEAN 

0 0.075 
5 0.105 
30 25 0.194 

50 0,359 
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EXAMPLE 7 

CHARACTERIZATION OF TROPONIN I IMMUNOASSAY 

5 I. Serum collected from patients who had a documented myocardial infarction (MI 

serum) and serum from normal healthy subjects (Normal serum) were tested in the troponin I 
immunoassay according to Example 6. In addition, skeletal troponin I, prepared as in 
Example 5, was added to normal serum at a final concentration of 29 ug/ml to determine 
cross reactivity of the assay with skeletal troponin L 
10 As seen in table III, the assay of the present invention clearly differentiates those 

patients suffering from a heart attack from normal healthy subjects. In addition, the assay 
system shows < 0.01% cross reactivity with the skeletal form of troponin I. 

15 TABLE in 

TROPONIN I 
SAMPLE CONCENTRATION (ffg /ml ) 



MI SERUM #1 


> 50 ng/ml 


MI SERUM #2 


15.5 ng/ml 


MI SERUM #3 


> 50 ng/ml 


NORMAL SERUM #1 


0 ng/ml 


NORMAL SERUM #2 


0 ng/ml 


NORMAL SERUM #3 


0 ng/ml 


NORMAL SERUM #4 


0 ng/ml 


NORMAL SERUM #5 


0 ng/ml 


NORMAL SERUM 


6 ng/ml 



(+29,000 ng/ml 
skeletal troponin I) 

20 

EOIITVALENTS 

Those skilled in the art will recognize, or be able to ascertain, by no more than routine 
experimentation, many equivalents of the specific embodiments of the invention described 
25 herein. Such equivalents are intended to be encompassed by the following claims. 



wo 94/27156 PCT/US94/05468 

-17- 

SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

5 

(i) APPLICANT: 

(A) NAME : Fortron Bioscience Inc . 

(B) STREET: 2500 Gateway Centre Blvd. 

(C) CITY: Morrisville 

10 (D) STATE: North Carolina 

(E) COUNTRY: USA 

(F) POSTAL CODE (ZIP): 27560 

(G) TELEPHONE: (919) 380-1778 

(H) TELEFAX: (919) 380-1799 

15 

(ii) TITLE OF INVENTION: ASSAY FOR CARDIAC TROPONIN I 
(iii) NUMBER OF SEQUENCES: 3 

20 (iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: LAHIVE & COCKFIELD 

(B) STREET: 60 State Street, Suite 510 

(C) CITY: Boston 

(D) STATE: Massachusetts 
25 (E) COUNTRY: USA 

(F) ZIP: 02109 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

30 (B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: ASCII Text 

(vi) CURRENT APPLICATION DATA: 
35 (A) APPLICATION NUMBER: 

(B) FILING DATE: Herewith 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 
40 (A) APPLICATION NUMBER: US 08/063,168 

(B) FILING DATE: 17-MAY-1993 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 
45 (A) NAME: DeConti, Giulio A. 

(B) REGISTRATION NUMBER: 31,503 

(C) REFERENCE /DOCKET NUMBER: FBI -003 PC 

(ix) TELECOMMUNICATION INFORMATION: 
50 (A) TELEPHONE: (617) 227-7400 

(B) TELEFAX: (617) 227-5941 
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(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 9 amino acids 
5 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

10 (v) FRAGMENT TYPE: internal 



15 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

Met Ala Asp Gly Ser Ser Asp Ala Ala Arg Glu Pro Arg Pro Ala Pro 
15 10 15 



Ala Pro lie Arg Arg Arg Ser Ser Asn Tyr Arg Ala Tyr Ala Thr Glu 
20 20 25 30 

Pro His Ala Lys Lys Lys Ser 
35 

25 (2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 
30 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

35 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 :. 

40 Arg Ala Tyr Ala Thr Glu Pro His Ala Lys Lys Lys Ser 

15 10 



) 
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(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 amino acids 
5 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

10 (v) FRAGMENT TYPE: internal 



15 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 

Arg Gly Glu Lys Gly Arg Ala Leu Ser Thr Arg Cys Gin Pro Leu Glu 
1 5 10 15 

Leu Ala 
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CLAIMS 

5 1 . An assay for quantitation of cardiac troponin I in a biological fluid, comprising: 

a. incubating sequentially or simultaneously; 

i) a sample of the biological fluid; 

ii) antibody or antibody fragment specific for cardiac troponin I; and 

iii) troponin C or a troponin I-binding fragment thereof, 

10 under conditions which allow the formation of a ternary complex of troponin I 

in the sample, the antibody and the troponin C; 

b. separating the ternary complex from the sample; and 

c. detecting the formation of the ternary' complex as indicative of the amount of 
cardiac troponin I in the biological fluid. 

15 

2. The assay of claim 1 , wherein the sample of biological fluid, the antibody or fragment 
thereof and the troponin C or fragment thereof are incubated together simultaneously 
to form the ternary complex. 

20 3. The assay of claim 1 , wherein the antibody and the sample are incubated to form a 
binary complex between the antibody and troponin I in the sample, and then the 
binary complex and the troponin C are incubated together to form the ternary 
complex. 

25 4. The assay of claim 1 , wherein the antibody is immobilized on a solid phase. 

5. The assay of claim 1 , wherein the troponin C is immobilized on a solid phase. 

6. The assay of claim 4, wherein the solid phase is a plastic surface. 

7. The assay of claim 1 , wherein the biological fluid is blood serum. 



30 



8. The assay of claim 1 , wherein the troponin C is labeled with an enzyme and the 
formation of ternary complex is detected by measuring enzymatic activit\^ assqciated 

35 therewith. 

9. The assay of claim 8, wherein the enzyme is selected from the group consisting of 
alkaline, phosphatase, peroxidase and beta-galactosidase. 



> 
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10. The assay of claim 1, wherein the troponin C is obtained from rabbit skeletal muscle. 

1 1 . The assay of claim 1 , wherein the antibody is a polyclonal antibody specific for 
cardiac troponin I prepared by contacting anti-troponin I antiserum with a solid phase 

5 containing a peptide having an amino acid sequence which is at least 75% 

homologous to a region of cardiac troponin I which is not present in skeletal troponin 
I or differs in amino acid sequence from any corresponding region of skeletal troponin 
I in at least 50% of its amino acids, under conditions which permit antibody specific 
for the peptide to bind to the solid phase; separating the solid phase from the 
10 antiserum and thereafter eluting the bound antibody from the solid phase. 

12. A assay of claim 11, wherein the peptide has an amino acid sequence which is all or a 
portion of a sequence selected from the group consisting of: 

15 MET-ALA-ASP-GLY-SER-SER-ASP-ALA-ALA-ARG-GLU-PRO-ARG-PRO- 
ALA-PRO-ALA-PRO-ILE-ARG-ARG-SER-SER-ASN-TYR-ARG-ALA-TYR- 
ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SER, 



20 



ARG-ALA-TYR-ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SER and 

ARG-GLY-GLU-LYS-GLY-ARG-ALA-LEU-SER-THR-ARG-CYS-GLN-PRO- 
LEU-GLU-LEU-ALA. - 

13. The assay of claim 1, wherein the antibody is a monoclonal or polyclonal antibody 
25 specific for the peptide having the amino acid sequence: 

ARG-ALA-TYR-ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SER or portion 
thereof. 

30 14. A kit containing reagents for performing an assay for cardiac troponin I, comprising: 

a. antibody or antibody fragment specific for cardiac troponin I; and 

b. troponin C or a troponin I-binding fragment thereof 

15. A kit of claim 1 4, wherein the troponin C is labeled with an enzyme. * 
35 ' 

16. A kit of claim 1 5, wherein the enzyme is selected from the group consisting of 
alkaline, phosphatase, peroxidase and beta-galactosidase. 
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17. A kit of claim 14, wherein the troponin C is obtained from rabbit skeletal muscle. 

18. A kit of claim 14, wherein the antibody is a polyclonal or monoclonal antibody 
specific for a peptide selected from the group consisting of: 

5 

MET-ALA-ASP-GLY-SER-SER-ASP-ALA-ALA-ARG-GLU-PRO-ARG-PRO- 
ALA-PRO-ALA-PRO-ILE-ARG-ARG-SER-SER-ASN-TYR-ARG-ALA-TYR- 
ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SER, 

1 0 ARG- ALA-TYR-ALA-THR-GLU-PRO-HIS-ALA-L YS-L YS-LYS-SER and 

ARG-GLY-GLU-LYS-GLY-ARG-ALA-LEU-SER-THR-ARG-CYS-GLN-PRO- 
LEU-GLU-LEU-ALA. 



15 19. A solid phase immunoassay for quantitation of troponin I in a biological fluid, 
comprising: 

a. incubating simultaneously; 

i) a sample of the biological fluid; 

ii) a solid phase immunoadsorbent containing polyclonal antibody or 
20 antibody fragment specific for cardiac troponin I; and 

iii) labeled troponin C or a troponin I-binding fragment thereof, 
under conditions sufficient for troponin I in the sample to complex with the 
immobilized antibody and the labeled troponin C; 

b. separating the solid phase immunoadsorbent from the sample; and 

25 c. detecting the amoimt of labeled troponin C or fragment thereof, bound to the 

solid phase or the amount of unbound labeled troponin C or fragment thereof, 
as indicative of the amount of cardiac troponin I in the biological fluid. 

20. The inmiunoassay of claim 19, wherein the biological fluid is blood serum. 

30 

21 . The immunoassay of claim 19, wherein the solid phase is a plastic surface. 



22. The immunoassay of claim 19, wherein the troponin C is labeled with an enzyme. 

35 23. The immunoassay of claim 22, wherein the enzyme is selected from the group 
consisting of alkaline, phosphatase, peroxidase and beta-galactosidase. 
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24. The immunoassay of claim 19, wherein the troponin C is obtained from rabbit skeletal 
muscle. 

25. The immunoassay of claim 19, wherein the antibody is a polyclonal antibody specific 
5 for cardiac troponin I prepared by contacting anti-troponin I antiserum with a solid 

phase containing a peptide having an amino acid sequence which is at least 75% 
homologous to a region of cardiac troponin I which is not present in skeletal troponin 
or differs in amino acid sequence from any corresponding region of skeletal troponin I 
in at least 50% of its amino acids, under conditions which permit antibody specific for 
^ 0 the peptide to bind to the solid phase; separating the solid phase from the antiserum 

and thereafter eluting the bound antibody from the solid phase. 

26. The inmiunoassay of claim 25, wherein the peptide has an amino acid sequence which 
is all or a portion of a sequence selected from the group consisting of: 

15 

MET-ALA-ASP-GLY-SER-SER-ASP-ALA-ALA-ARG-GLU-PRO-ARG-PRO- 

ALA-PRO-ALA-PRO-ILE-ARG-ARG-SER-SER-ASN-TYR-ARG-ALA-TYR- 

ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SER, 

20 ARG-ALA-TYR-ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SER and 

ARG-GLY-GLU-LYS-GLY-ARG-ALA-LEU-SER-THR-ARG-CYS-GLN-PRO- 
LEU-GLU-LEU-ALA. 

25 27. The method of claim 19, wherein the polyclonal antibody is specific for the peptide: 
ARG-ALA-TYR-ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SER. 

28. A kit of reagents for performing a solid phase immunoassay for troponin I, 
30 comprising: 

a. a solid phase immunoadsorbent containing polyclonal antibody or antibody 
fragment specific for cardiac troponin I; and 

b. labeled troponin C or a troponin I-binding fragment thereof. 

35 29. A kit of claim 28, wherein the troponin C is labeled with an enzyme. 

30. A kit of claim 29, wherein the enzyme is selected from the group consisting of 
alkaline, phosphatase, peroxidase and beta-galactosidase. 
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31. A kit of claim 28, wherein the troponin C is obtained from rabbit skeletal muscle. 

32. A kit of claim 28, wherein the polyclonal antibody is specific for the peptide: 

5 MET-AL A- ASP-GLY-SER-SER-ASP-ALA-ALA-ARG-GLU-PRO-ARG-PRO- 

ALA-PRO-ALA-PRO-ILE-ARG-ARG-SER-SER-ASN-TYR-ARG-ALA-TYR- 
ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SER, 

ARG-ALA-TYR-ALA-THR-GLU-PRO-fflS-ALA-LYS-LYS-LYS-SERand 

ARG-GLY-GLU-LYS-GLY-ARG-ALA-LEU-SER-THR-ARG-CYS-GLN-PRO- 
LEU-GLU-LEU-ALA. 

33. Polyclonal antibody specific for a peptide selected from the group consisting of: 

MET-ALA-ASP-GLY-SER-SER-ASP-ALA-ALA-ARG-GLU-PRO-ARG-PRO- 
ALA-PRO-ALA-PRO-ILE-ARG-ARG-SER-SER-ASN-TYR-ARG-ALA-TYR- 
ALA-THR-GLU-PRO-fflS-ALA-LYS-LYS-LYS-SER, 

20 ARG-ALA-TYR-ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SER and 

ARG-GLY-GLU-LYS-GLY-ARG-ALA-LEU-SER-THR-ARG-CYS-GLN-PRO- 
LEU-GLU-LEU-ALA. 

25 34. Monoclonal antibody specific for a peptide selected from the group consisting of: 

MET-ALA-ASP-GLY-SER-SER-ASP-ALA-ALA-ARG-GLU-PRO-ARG-PRO- 
ALA-PRO-ALA-PRO-ILE-ARG-ARG-SER-SER-ASN-TYR-ARG-ALA-TYR- 
ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SER, 



15 



30 



ARG-ALA-TYR-ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SERand 

ARG-GLY-GLU-LYS-GLY-ARG-ALA-LEU-SER-THR-ARG-CYS-GLN-PRO- 
LEU-GLU-LEU-ALA. 



35 
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35. A preparation of polyclonal antibody specific for cardiac troponin I prepared by 

contacting anti-troponin I antiserum with a solid phase containing a peptide having an 
amino acid sequence which is at least 75% homologous to a region of cardiac 
troponin I which is not present in skeletal troponin 1 or differs in amino acid sequence 
5 from any corresponding region of skeletal troponin I in at least 50% of its amino 

acids, under conditions which permit antibody specific for the peptide to bind to the 
solid phase; separating the solid phase from the antiserum and thereafter eluting the 
bound antibodies from the solid phase. 

10 36. A preparation of polyclonal antibody of claim 35 specific for cardiac troponin I 
prepared by contacting anti-troponin I antiserum with a solid phase containing a 
peptide selected from the group consisting of: 

MET-ALA-ASP-GLY-SER-SER-ASP-ALA-ALA-ARG-GLU-PRO-ARG-PRO- 
15 ALA-PRO-ALA-PRO-ILE-ARG-ARG-SER-SER-ASN-TYR-ARG-ALA-TYR- 
ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SER, 

ARG-ALA-TYR-ALA-THR-GLU-PRO-HIS-ALA-LYS-LYS-LYS-SERand 

20 ARG-GLY-GLU-LYS-GLY-ARG-ALA-LEU-SER-THR-ARG-CYS-GLN-PRO- 
LEU-GLU-LEU-ALA 

and portions thereof, under conditions which permit antibody specific for the peptide 
to bind to the solid phase; separating the solid phase from the antiserum and thereafter 
25 eluting the boimd antibody from the solid phase. 
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